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Introduction
Starting-point and main objects of the breeding of oats Oats were grown extensively in Finland as early as the beginning of this century. At that time, the small grain size, low hectolitre weight, poor resistance to lodging and low yield of the local land races compared with foreign varieties grown contemporaneously, although being too late for our conditions, spurred us to start our own breeding work in Finland. When the Hankkija Plant Breeding Institute was established in 1913, the elimination of these drawbacks became the main object of the breeding work (Sauli 1920 a, b, 1925 a).
Because of Finland's northern location and its consequent severe climate, one of the most important targets of breeding spring cereals, and oats among them, is sufficient earliness. Many oat varieties bred elsewhere in Europe have proved to be too late to be cultivated in our country (Sauli 1920 (Sauli c, 1930 a, Kivi 1963) .
Varieties released
Since the beginning of the 19205, the Hankkija Plant Breeding Institute has released altogether 16 oat varieties (Fig. 1) (Sauli 1920 (Sauli c, 1921 (Sauli b, 1925 . The local land race No. 091-3 was a midearly variety with dark brown grains (Sauli 1920 a) . This line of local variety was used as one parent of altogether seven varieties released in the following years.
Osmo (1921, No. 0537 ) was a mid-early variety with dark brown grains, which also derived from the cross 091-3 x Guldregn (Sauli 1920 (Sauli c, 1921 (Sauli b, 1925 . Osmo 7/(1922, No. 0693 ), like those above, had dark brown grains and belonged to the group of mid-early oat varieties. The variety derived from the cross 091-3 x Guldregn (Sauli 1920 (Sauli c, 1925 . Esa (1922, 0644) derived from the cross 091-3 x Seger. Its grains were white-hulled, and the variety belonged to the group of midlate oat varieties (Sauli 1920 (Sauli c, 1921 (Sauli b, 1925 Pelso (1925, No. 0993) derived from the cross 091-3 x Guldregn. Its grains were dark brown, and the variety was classed among early oats (Sauli 1925 b, c) . Kytö (1925, No. 01108) belonged to the mid-early group. It derived from the cross 091-3 x Guldregn, and its grains were yellow (Sauli 1925 b, c) . Twenty years later, it was still the second most popular oat variety in Finland (Huttunen 1946 a) . Louhi (1928, No. 01555 ) derived from the cross Kron x 091-3. It was fairly early and its grains were dark brown (Huttunen 1930 , Sauli 1930 . Kron (Svalöf, Sweden 1914) was a late variety with white grains, which was hardly at all cultivated in Finland (Sauli 1930 a) . Pellervo (1935, No. 01651 ) was a longstrawed, mid-late variety with white, highquality grains. It derived from a cross between the Finnish Kerttu oat and the line Ta 036 (Huttunen 1935 , Sauli 1935 . Tammi (1938, No. 06587 ) derived from the cross Esa x Kytö. Its grains were white, and the variety belonged to the group of early oats (Valle 1938 (Huttunen 1950 Hankkija-773 (1973, No. Hja 30357) belonged to the mid-early group. It had white grains and derived from the cross Eho x Blenda (Rekunen 1976 b) .
Hankkijan Valko (1976, No. Hja 31914) was released in 1976. It belongs to the midearly group and has good quality traits and white grains. The variety derives from a cross between Pendek and Hja 24137, which is a pedigree line of Sisu (Rekunen 1980 The local variety in question had been collected as the Ylitornio land race at the beginning of this century. It was an early-maturing oat variety with dark brown grains and very wide panicles (Sauli 1921 a, Huttunen 1930 To start with, the results of all traits were calculated for each individual trial, applying the Nearest Neighbor Analysis (Wilkinson et al. 1983 , Schwarzbach 1984 , after which the combination of all 14 trials was calculated by the same method, using the annual results of the former. The calculations were based on the iterative calculation model presented by Schwarzbach (1984) . (Fig. 2) . 
Growing time
The effect of trial sites and trial years on the determination of the number of growing days required for heading and yellow ripening was even greater than on the volume of yield. The variance component of trial sites was 4.7-fold compared with the variety component when heading dates were studied. In ripening, the difference was even greater, for the trial site component was 21.8-fold compared with the variety component.
The determination of both traits had been successful (variation coefficients 2.13 per cent and 2.70 per cent respectively) and the least significant difference was only one or two days. Heritability was estimated high for heading, 0.77, and somewhat low for ripening, 0.32.
Significant differences in growing time were observed among the varieties as both heading and ripening were concerned. The old Wasa was latest on an average. Its growing time was 101 days. Sisu was almost equally late, 100 days. Kyrö ripened most rapidly; its growing time, 93 days, was one week shorter than those of the latest varieties.
The earliness of the varieties has remained approximately at the same level for the past decades, although there has been a tendency in breeding work to favour early material when developing cultivars (Kivi 1963, also) . Early lines have, however, produced so much lower yields than late lines that they have not been released.
The ratio between heading date and ripening has also remained almost the same. While it for the first varieties took an average of 56 to 57 per cent of the total growing time to reach heading, the newest varieties have needed an average of 58 per cent for this. Thus, the proportion of time used for vegetative development has increased by a good one percentage unit.
Straw traits
In determining the length of straw, trial conditions have had an approximately sixfold effect compared with variety. The measuring results were reliable (variance coefficient 5.12 per cent), and the error remained small (LSD 5 per cent = 4 cm). The heritability degree was fairly high, 0.66, which indicates that there are good chances of heritability control of straw length.
There were significant differences among various varieties. Young varieties had in general shorter straws than old varieties. The variety with the shortest straw was Hankki- jän Vouti and the one with the longest straw, the Ylitornio land race (Fig. 3) .
Significant variation could also be observed in straw stiffness among varieties representing different years. The least lodging variety was the youngest one (Hankkijan Vouti), and the most lodging varieties were the oldest ones (Jalostettu maatiainen, Osmo). The differences among variety groups representing different generations were statistically significant, which indicated that lodging became less when changing over to newer varieties (Fig. 4) .
As far as straw stiffness was concerned, the variance component of site was twofold compared with the variety component. Thus, the ratio of the variance components was clearly lower than in the determination of yield or growing time. The reliability of the estimation of lodging was impeded by numerous factors, and therefore, owing to various combined effects, the trial error remained rather large. The high heritability estimation of 0.71 shows, however, that continuous progress is to be expected in breeding work.
Resistance to plant diseases
The resistance to plant diseases was not investigated separately in these trial series, but observations were made on the only BYDV appearing distinctly, and on that basis it is possible to make some conclusions.
The effect of site was 4.5-fold compared with that of variety, and the variance component of the error remained large. The ranking order of varieties, according to degree of contamination, varied in different years.
Perhaps it followed the variation in the point of time when aphids were spreading the diseases, wherefore the interaction contained in the trial error caused the trial error component to become so large. This made the comparison of varieties less reliable. The estimation of heritability, 0.19, also remained low.
There were significant differences among the varieties, but they did not follow the age sequence. The smallest amount of BYD virus was observed in the late Sisu oat and the largest amount in Pellervo and the early Kyrö and Kytö oats. Grain size
In the trials, the thousand kernel weight was controlled by variety at an approximately threefold force compared with location. The heritability degree of 0.74 was also high. There were significant differences among the varieties, but no clear time trend could be observed in varieties of different age categories. The Ylitornio land race had by far the smallest grain size; its thousand kernel weight remained at 23.4 g on an average. The grain size of other varieties varied between 29.5 g (Osmo) and 35.0 g (Hankkijan Valko).
Hectolitre weight
As concerns determination of hectolitre weight, variety was of less significance than environment. The variance component indicating effect of trial sites and years was sixfold compared with the variety component. When estimated on the basis of variance components, the effects of variety and trial sites on the hull content in oats were almost equal. The determination of hull content was fairly reliable and the heritability degree of 0.43 was at a typical level.
There were statistically significant differences among the treatments, and also among variety groups representing different stages of life, differences were significant. The hull content was highest in the oldest material and lowest in varieties of recent decades (Fig. 5) . The Ylitornio land race had the clearly highest hull content (25.3 per cent), followed by Kytö There were significant differences among varieties. The differences among variety groups representing different ages were also statistically significant; older varieties produced yields with a higher protein content than varieties grown in recent decades.
The highest protein contents were produced by Osmo, 14.1 per cent, and Pellervo, 13.9 per cent, the lowest by Hannes and Sisu, 12.7 per 
Discussion of the results
The six decades of breeding oats have changed the varieties to a great extent. There has been a distinct improvement in yielding the Ylitornio land race, the grain size and the hectolitre weight increased clearly, but fairly soon this trend stopped as the varieties established themselves at this higher level compared with the land races. Aufhammer and Fischbeck (1964) also reported on an increase in the thousand kernel weight when changing over from old oat varieties to the present ones. The protein content of the grains, on the other hand, had dropped.
Although growing time plays an important role in Finnish cultivation conditions, no clear shift towards varieties with a shorter growing time was discernible in the results, and consequently no progress had been made in the breeding for earliness.
On the other hand, the growing time has not become longer either, although the high positive correlation between growing time and high yield, which is clearly discernible in Finnish conditions (Rekunen 1970 (Rekunen , 1976 a, 1985 a), could, in the efforts to seek high yields, easily lead to late varieties. Even more so as it, at the same time, has been possible to increase the yield to such a great extent.
Earlier, Kivi (1963) has also paid attention to the poor results of breeding for earliness, which plays such an important role in the breeding work.
From the relations between variance components, the conclusion could be made that environmental conditions clearly more than genotype determined all investigated traits, except the thousand kernel weight. The significance of the cultivation environment was especially great in the date of ripening and the determination of the crude protein content.
Estimates made of the heritability degree showed that the genotype was most dominantly revealed in the determination of straw length and stiffness, heading date and thousand kernel weight.
Observations most unreliable from a technical point of view were those made in connection with the scoring of BYDV and lodging, and the measuring of yielding capacity.
Apart from trial errors, the main reason was the strong interaction between environment and genotype. Most accurate observations were made about growing time.
valkuaispitoisuudessa ja kääpiökasvuviroosin (BYDV) kestävyydessä ei jatkuvaa edistymistä voitu osoittaa. Tuhannenjyvänpaino ja hehtolitranpaino olivat nousseet maatiaiskaurojen tasolta, mutta sen jälkeen kehitys pysähtyi.
Tutkimuksessa vertailtiin myös genotyypinja ympäris-tövaikutusten keskinäisiä suuruussuhteita. Ympäristöte-kijöillä oli koesarjassa vähintään viisinkertainen painoarvo genotyyppiin nähden tuleentumiseen tarvittavan kasvuajan, raakavalkuaispitoisuuden, korrenpituuden, hehtolilranpainon ja jyväsadon määräytymisessä. Genotyyppi taas määräsi voimakkaimmin tuhannenjyvänpainoa, jolloin genotyypin varianssikomponentti oli kolminkertainen ympäristön komponenttiin nähden. Heritabiliteettiarviot vaihtelivat koesarjassa 0.19:n (BYDV-infektio) ja 0.77:n (röyhylletulo) välillä.
